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Abstract
We will report on a novel device for the in vivo assessment of prostate tissue quality. One of the first steps for the in
vivo assessment of prostate cancer is a digital rectal examination (DRE) and our aim is to instrument this procedure. 
The device is used to measure the dynamic elastic modulus of prostate tissue samples and has been able to show 
correlations between tissue morphology and its mechanical characteristics. Scanning the prostate with the device 
allows us to build stiffness maps of the gland which can then be used for diagnostic purposes to identify diseased 
prostatic tissue.
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1. Introduction
Studies have shown that changes in the mechanical characteristics of biological tissue, such as viscosity and 
elasticity, occur in conjunction with the changing conditions of the tissue [1]. The quantitative measurement of these 
properties may allow accurate medical diagnostics in relation to tissue health. Several methods to quantify and 
correlate the mechanical characteristics of tissue to its morphology have been demonstrated previously. S. Phipps et 
al. showed differences in tissue mechanics using an electro-mechanical shaker to induce a cyclic load on samples 
which were probed using a ball-end probe attached to a load cell [2]. V. Jalkanen et al. demonstrated similar results 
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using an indentation controlled resonance sensor system which was able to distinguish between cancerous and 
healthy tissue types [3]. The main disadvantage with both of these approaches is the inability to make any 
measurements in vivo, limiting their potential for diagnostic purposes. The equipment involved is bulky and 
restricted to the lab environment. In this paper we will look at the design, fabrication and testing of a novel device 
for the instrumented palpation of soft tissue. The device is scalable and in particular, suited to the in vivo assessment 
of tissue quality.
2. Methodology
Our device will measure the elastic modulus of the prostate tissue by transmitting a dynamic cyclic force through
the tissue via a pneumatically actuated elastomer membrane. A strain gauge incorporated into the membrane will 
measure and record the changes in the membrane’s response as it is applied to the tissue, see Fig. 1. The elastic 
modulus can be expressed by examining the amplitude ratio (|E*|) and the phase difference (tan δ) [1]. The device is 
designed to be minimally invasive and incorporated onto a clinician’s finger, under a surgical glove, so that a digital 
rectal examination (DRE) can otherwise be carried out as normal.
Fig. 1 schematic principle of probe design Fig. 2 a) front view of prototype build probe device b) back view of prototype build probe device
The device is fabricated using layers of 0.3mm thick polymethyl-methacrylate (PMMA), laser cut using a 40W 
CO2 laser. A 30μm polyurethane membrane to be sandwiched between the PMMA ‘shell’. The membrane forms a 
6mm diameter window and has a 120Ω polyimide backed strain gauge embedded onto the surface, lead wires extend 
beyond the outer shell. Attached to the back of probe is a piezo-electric pressure sensor. This allows the monitoring 
of an applied finger pressure, induced by the user of the device during operation, see Fig. 2. An interface connects to 
the probe head to allow for the wiring of the strain gauge and a path for the air flow to facilitate the dynamic 
actuation of the membrane. The functional probe ‘head’ is integrated into the rest of the system which allows
controlled actuation and recording of measurements, see Fig. 3.
Fig. 3 in vivo device probe and instrument unit Fig. 4 complete system schematic
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The complete schematic can be seen in Fig. 4. Operation of the device causes the membrane to expand and 
contract at a specified frequency. A flow pressure sensor attached between the probe head and the actuator unit 
records pressure changes in the system as the probe is applied to different tissue samples. Labview™ records the 
response from the flow pressure sensor and the strain gauge as sine waves which are analyzed using the Fourier 
series to determine the coefficients of each wave, see Fig. 5. And Fig. 6. The coefficients from each signal can then 
be used to calculate static and dynamic stiffness values.
Fig. 5 example flow pressure output with Fourier fit curve          Fig. 6 example strain gauge output with Fourier fit curve
3. Testing & Results
The probe is calibrated in conjunction with an indenter rig to provide comparable stiffness values for several 
different sample materials. This factors out inherent ‘device characteristics’ which can affect the measurement.
3.1 Ex Vivo Prostate Tests
To demonstrate the correlations between tissue elasticity and the presence of prostatic disease, the probe device 
is used to scan across the posterior and anterior surfaces of an excised full prostate gland. The glands have been 
acquired from patients who have prostate cancer and have been selected to undergo radical prostatectomy. Suitable 
patients have been screened so that where possible, each gland has a specific area of diseased tissue where a tumor 
is present. Each gland is made available for testing immediately following surgery. From the results, stiffness maps 
are populated to show relative elasticity across the surface of the prostate gland, see Fig. 10 and Fig. 11. Results so 
far identify the correlation between tissue stiffness and the presence of tumors, as determined by sonoelastogrphy 
and biopsy, in comparison to healthy tissue.
Fig. 7 2D stiffness map from scanning of excised prostate (5Hz) Fig. 8 3D stiffness map from scanning of excised prostate (5Hz)
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3.4 In Vivo Prostate Tests
For each in vivo prostate test, the probe device is used by the urologist to carry out a DRE on the patient while in 
surgery, before the radical prostatectomy procedure. The urologist inserts his finger with the attached probe into the 
patient’s anal passage and uses the tip of his finger to identify the location of the probe device in relation to the 
prostate gland. Between 6 and 16 points of measurement are chosen, dependent on the size of the gland. Following 
the in-vivo measurements, the prostatectomy is carried out and ex vivo tests are completed with the probe on the 
excised prostate using the same variables used in the in vivo tests. From these tests it is possible to show the
calibrated stiffness values across the entire prostate gland, see Table 1. Measurements show that healthy prostate 
tissue has an elastic modulus of approx. 69kPa while diseased prostate tissue where tumor is present returns a 
modulus of approx. 122kPa.
Table 1. Calibrated stiffness values of healthy and diseased tissue from in vivo test (6 point measurement)
Measurement Position Tumor present Elastic Modulus
Posterior surface, apex right No 65 kPa
Posterior surface, apex center No 74 kPa
Posterior surface, apex left
Posterior surface base right
Posterior surface base center
Posterior surface base left
No
Yes
No
No
69 kPa
132 kPa
70 kPa
69 kPa
4. Conclusion 
We have been able to demonstrate a novel device for the in vivo instrumented palpation of the prostate. The 
device has been proven to distinguish between healthy and diseased tissues based on its mechanical characteristics. 
Initial testing has shown the correlations with tissue morphology, continued testing is ongoing and in order to 
comprehensively validate these results. Pattern recognition software is being utilized to determine the best or 
combination of the best measurement identifiers for diagnostic purposes as a number of different identifiers are 
recorded with each measurement, including mean ratios and ramp times over a range of different frequencies and 
applied pressures. Only by analyzing all the different variables in this way will we be able to fully determine the 
diagnostic potential of the probe, whether we can not only determine the presence of prostatic disease but also 
whether we can distinguish between BPH and benign and malignant tumors. MRI scans of each prostate gland are 
also being carried out to this so that it is possible to study and compare the make-up of the gland with our results, 
allowing us to look at the effects of water diffusion within the gland and also how boundary conditions may affect 
our measurement.
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